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In isolated word recognition studies, O’Regan and colleagues
(O’Regan, 1992; O’Regan & Lévy-Schoen, 1987; O’Regan, Lévy-
Schoen, Pynte, & Brugaillere, 1984) have demonstrated that: (1)
words are identiﬁed more quickly and (2) less reﬁxations are
needed on words, when the ﬁrst eye ﬁxation is close to the word
center. These ﬁndings demonstrate that positioning the eyes on
the word center is the optimal viewing position (OVP) for word
recognition. Vitu, McConkie, Kerr and O’Regan (2001) established
these effects in reading and refer to the former effect as the Gaze
Duration OVP effect and to the latter as the Reﬁxation OVP effect.
Subsequent reading studies have replicated both the Reﬁxation
OVP effect (McConkie, Kerr, Reddix, Zola, & Jacobs, 1989;
Nuthmann, Engbert, & Kliegl, 2005; Rayner, Sereno, & Raney,
1996; Vitu et al., 2001; Vitu et al., 1990) and the Gaze Duration
OVP effect (Nuthmann et al., 2005; Vitu et al., 1990).
These OVP effects are assumed to result from a rapid program-
ming of a reﬁxation (O’Regan & Lévy-Schoen, 1987) when the eyes
land non-optimally, far away from the OVP, which in turn is re-
ﬂected in a higher reﬁxation probability and longer gaze duration.
On the other hand, less reﬁxations are needed when the eyes ini-
tially land on the word center. It is assumed that the mechanism
responsible for guiding the eyes through a text is tuned to respond
quickly when the eyes land on a bad spot in a word by sending
them toward the other end of the word. Such a mechanism is
functional, because visual acuity drops off rapidly with retinalll rights reserved.
chology, University of Turku,eccentricity. In other words, most letters of a word (when it is
not very long) can be seen in a single glance when ﬁxating on
the word center (likely to result in a single ﬁxation that is relatively
long, see below for more), but the farther away a ﬁxation is from
the word center, the more difﬁcult it becomes to recognize the
word in a single ﬁxation, which in turn increases the likelihood
for a reﬁxation. Vitu, Lancelin and d’Unienville (2007) offer a some-
what different explanation for the Reﬁxation OVP effect. Landing
on a non-optimal spot in a word automatically triggers a saccade.
As short-amplitude saccades are likely to follow a short ﬁxation,
the probability of reﬁxating a word is increased. Thus, in this expla-
nation word recognition difﬁculties are ascribed only a secondary
role.
There are two additional OVP effects introduced by O’Regan,
Vitu and colleagues as the Fixation Duration Trade-off effect and
the Fixation Duration Inverted-OVP (IOVP) effect. These effects reﬂect
position effects at the level of individual ﬁxation durations. The
trade-off effect applies to cases when two ﬁxations are made on
a word. It is characterized by a short initial ﬁxation made on a
non-optimal word region, subsequently compensated by lengthen-
ing the duration of second ﬁxation made on the word. Or con-
versely, a relatively longer ﬁrst ﬁxation close to the OVP is
followed by a shorter second ﬁxation elsewhere in the word. In
other words, the duration of second ﬁxation on the word depends
on how optimally the ﬁrst ﬁxation is positioned. That the trade-off
effect may generalize from isolated word recognition to reading
was ﬁrst demonstrated by Vitu et al. (2001) in English and subse-
quently replicated by McDonald, Carpenter, and Shillcock (2005) in
English and Nuthmann et al. (2005) in German.
Finally, the Fixation Duration Inverted-OVP effect obtained for
the single ﬁxation made on a word (Kliegl, Nuthmann, & Engbert,
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Nuthmann et al., 2005; Vitu et al., 2007; Vitu et al., 2001) is such
that a single ﬁxation at OVP is clearly longer than a single ﬁxation
away from the word center. Radach and Heller (2000) report a sim-
ilar pattern, but they do not differentiate between one-ﬁxation and
multiple-ﬁxation trials. Note, however, that an IOVP effect has not
always been observed (see Rayner et al., 1996). The effect is incon-
sistent with the other OVP effects, as the visuomotor explanation
offered above for the other OVP effects is not applicable to the IOVP
effect. Speciﬁcally, it is inconsistent with the trade-off effect in that
the single ﬁxation made on a non-optimal location is not compen-
sated by a reﬁxation positioned in another word location. More-
over, it is not in line with the Gaze Duration OVP effect in that
for single ﬁxations, gaze duration on words is longest, not shortest,
when the one and only ﬁxation is positioned in the word center.
Three competing, but not necessarily mutually exclusive accounts
have been proposed for the single-ﬁxation IOVP effect, the percep-
tual-economy (Vitu et al., 2007; Vitu, McConkie, Kerr, & O’Regan,
2001; see also O’Regan & Lévy-Schoen, 1987), the split fovea
(McDonald et al., 2005) and the mislocated ﬁxation (Nuthmann
et al., 2005, 2007) account. We will go over them in some detail
in the Discussion.
Todate, previous researchonOVPeffects in readinghasbeencon-
ducted in three related European languages, English, French and
German. The present study aimed to replicate the OVP effects
reviewed above in a structurally different language, Finnish, which
belongs to the Finno-Ugric language family. Finnish is amorpholog-
ically rich alphabetic language that makes heavy use of inﬂections
attached to the end of words. Moreover, word compounding is also
very productive. Finally, Finnish lacks articles. As a consequence of
these features, Finnish words are on average quite long.
In the present study, we examined OVP effects in reading Finn-
ish compound words (7–14 letters). Two sets of target words
were included in the analyses, shorter (7–9 letters) and longer
(11–15 letters) compound words. As regards the Reﬁxation OVP,
the Gaze Duration OVP effect and the Fixation Duration Trade-
off effect, two opposing predictions may be made for Finnish.
First, the penalty for initially ﬁxating on a non-optimal spot in
a word will be stronger when words are long. This is because sev-
eral letters lie outside the foveal area, leading to increased need
to make a reﬁxation on the word. This would strengthen the
Reﬁxation, Gaze Duration, and the trade-off OVP effects for long
compound words. Alternatively, when words are sufﬁciently long,
readers may not aim to recognize them holistically, but may in-
stead apply a piecemeal recognition strategy. In fact, Bertram
and Hyönä (2003) have reported evidence demonstrating that
Finnish readers recognize long, two-noun compound words via
their components by ﬁrst recognizing the initial constituent fol-
lowed by the recognition of the second constituent and the whole
word. If so, ﬁxating ﬁrst toward the beginning of the word may
not be as detrimental for long than short compound words (the
latter type of compound words are assumed to be more often
processed holistically, see Bertram & Hyönä, 2003). This predic-
tion assumes that OVP effects are partly determined by lexical
processing. This assumption would be further supported by data
demonstrating that the OVP effects are modulated by word fre-
quency, as word frequency effects are considered to be the litmus
test of lexical processing. In the present study, we tested these
predictions by examining whether the effect of the initial landing
position in a word is modulated by compound word length and/
or the frequency of the whole word or the ﬁrst constituent of the
compound word. Note, however, that prior research has not
found evidence for the Reﬁxation OVP effect or the Single-
Fixation IOVP effect to be modulated by word frequency
(Nuthmann et al., 2005; O’Regan & Lévy-Schoen, 1987; Vitu
et al., 2007; Vitu et al., 2001).As regards the single-ﬁxation IOVP effect, our aim was twofold.
First, we wanted to examine whether the effect generalizes to a
structurally different language and to longer words. Nuthmann
et al. (2005) showed that in German the IOVP effect in fact in-
creases as a function of word length. Thus, we expected to replicate
the effect with our long stimuli. Second, provided that it indeed
does replicate, we wanted to analyze the eye behavior leading to
and following a single ﬁxation on the target word. According to
the mislocated ﬁxation account (Nuthmann et al., 2005, 2007), a
subset of ﬁxations landing on non-optimal spots in words is mislo-
cated due to either a saccadic overshoot or undershoot. Speciﬁ-
cally, a single ﬁxation positioned on the beginning of the target
word (Word N) may be a result of a saccadic overshoot due to
the reader intending to land on Word N  1 but unintentionally
skipping over it. If the overshoot explanation is applicable to the
present data, we should ﬁnd that a single ﬁxation positioned on
the beginning of the target word is more likely to be preceded by
a skip over Word N  1, followed by a regression to Word N  1,
than a single ﬁxation positioned in the word center.
To test OVP and IOVP effects in Finnish, we reanalyzed the data
of Bertram and Hyönä (2003), Experiment 2 of Hyönä and Pollatsek
(1998), and Experiment 2 of Pollatsek, Hyönä, and Bertram (2000).
In these studies, the target words were embedded in single sen-
tence contexts, and readers were instructed to read the sentences
silently for comprehension, while their eye movements were
tracked.2. Method
2.1. Participants
The number of participants contributing to the data for long
compounds comprised 108 university students, who participated
in four different experiments (24 in Experiment 2 of Hyönä &
Pollatsek, 1998; 24 in Experiment 2 of Pollatsek et al., 2000; 30
in Experiment 1 of Bertram & Hyönä, 2003; and 30 in Experiment
2 of Bertram & Hyönä, 2003). Sixty university students took part in
two short compound word experiments (30 in both experiments of
Bertram & Hyönä, 2003). As indicated above, the participants con-
tributing to the short compound word data set also contributed to
the long compound word data set. All participants took part in only
one experiment. All participants spoke Finnish as their native
language.
2.2. Apparatus
Eye movements were collected by the EyeLink I eyetracker
manufactured by SR Research Ltd. (Canada). The eyetracker is an
infra-red video-based tracking system combined with hyperacuity
image processing. Registration is monocular and is performed for
the selected eye. The sampling rate was 250 Hz. The spatial accu-
racy is better than 0.5.
2.3. Materials
All target words were two-noun compound words. Either
whole-word frequency or ﬁrst-constituent frequency was manipu-
lated. The short target word set consisted of 76 short compound
words (7–8 characters; mean length 7.6 characters; mean length
of the ﬁrst constituent 3.9 characters, range 2–5 letters). Thirty-
nine short compound words were included in the ﬁrst-constituent
frequency manipulation (mean ﬁrst-constituent frequency was 25
words per million for the low-frequency condition and 468 word
per million for the high-frequency condition) and 37 short com-
pounds in the whole-word frequency manipulation (mean word
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tion and 22 words per million for the high-frequency condition).
Four words were excluded from the original word set of Bertram
and Hyönä (2003), one 6-letter and three 9-letter words. The long
compound word set comprised 168 words (11–14 characters;
mean length 12.6 characters; mean length of the ﬁrst constituent
6.8 characters, range 4–9 letters; for more details, see Bertram &
Hyönä, 2003; Experiment 2 of Hyönä & Pollatsek, 1998; Experi-
ment 2 of Pollatsek et al., 2000), of which 92 were included
in the ﬁrst-constituent frequency manipulation (mean ﬁrst-
constituent frequency was 16 words per million for the
low-frequency condition and 511 word per million in the high-
frequency condition) and 76 in the whole-word frequency
manipulation (mean word frequency was 1.4 words per million
for the low-frequency condition and 32 words per million for the
high-frequency condition). Eight 15-letter words of the original
word sets were excluded. Each target word appeared only once.
The target words were embedded in sentences with each target
word appearing in a separate sentence. The target word never ap-
peared as the ﬁrst or last word on a text line; typically it was the
third or fourth word in the sentence.1 The target sentences were
mixed with ﬁller sentences and were presented in two blocks.2.4. Procedure
Prior to the experiment, the eyetracker was calibrated using a 9-
point calibration grid that extended over the entire computer
screen. Prior to each sentence, the calibration was checked by pre-
senting a ﬁxation point in a center-left position of the screen; if
needed, calibration was automatically corrected, after which a sen-
tence was presented to the right of the ﬁxation point.
Participants were instructed to read the sentences for compre-
hension at their own pace. They were further told that periodically
they would be asked to paraphrase the last sentence they had read
to make sure that they attended to what they read. It was empha-
sized that the task was to comprehend, not to memorize the sen-
tences. With a viewing distance of about 65 cm, one character
space subtended approximately 0.5 of visual angle.3. Results
Separate analyses of ﬁrst-pass ﬁxations were performed for
short and long target words.2 Fixations shorter than 50 ms were ex-
cluded from the analyses. Five regions were delineated for long com-
pounds and four regions for short compounds. First, a center region
(C) at the physical center of each word was determined so that for
short words two regions (C  2, C  1) of the same size were delin-
eated toward the word’s beginning and one region was delineated
toward the right (C + 1) of the word’s center (very few ﬁxations
landed there). An analogous procedure was done for long words in
order to delineate three regions toward word beginning (C  3,
C  2, C  1) and one region to the right of the center region. This
was done separately for each word length (7-letter words, 8-letter-
words, etc.), which means that the regions are not identical in size
between the different word lengths (see Fig. 1, for examples). Note
that we also computed the analyses using equal-sized word regions.
The results were essentially the same, so they are not reported here.1 In the long compound word set, in 32 sentences the target word was the second
word in the sentence. In those sentences, the initial word was long, so that it as a rule
attracted two ﬁxations. In the short compound word set, the target word never
appeared as the second word.
2 Note that in the original experiments frequency manipulation was always a
within-participant variable. In the only study involving short compounds (Bertram &
Hyönä, 2003), also word length was a within-participants variable.We ﬁrst analyzed the data using two independent factors, initial
landing position and frequency (either whole-word or constituent
frequency). However, as the Position  Frequency interaction re-
mained non-signiﬁcant for all eye movement measures, we pooled
the data over the two frequency conditions.
3.1. Distribution of initial landing position
Before reporting the position-dependent eye ﬁxation effects, we
ﬁrst present the data on the distribution of the initial landing posi-
tion for the short and long compound words (see Fig. 2). The plots
display typical initial landing position curves; the preferred land-
ing position (Rayner, 1979) is in the word center (short words)
or slightly left of it (long words).
3.2. Probability of reﬁxation
Fig. 3 presents the reﬁxation probability as a function of initial
landing position for the long and short target words. For long com-
pounds, the position effect (with four positions, C + 1 excluded)
was highly signiﬁcant (F(3, 246) = 19.20, MSe = 0.038, p < .001)
and was both linear (F(1, 82) = 20.27, p < .001) and quadratic
(F(1, 82) = 28.01, p < .001) in nature. The strong quadratic effect is
due to the fact that the probability of reﬁxation decreased notably
for C (and C + 1, see Fig. 3), while the difference between the other
regions was negligible. This is understandable given the length of
the words (long words typically need a reﬁxation to be identiﬁed).
For short compounds, there was a signiﬁcant position effect
(F(3, 99) = 11.82, MSe = 0.060, p < .001), that was both linear and
cubic (linear: F(1, 33) = 13.91, p = .001); cubic: F(1, 33) = 16.60,
p < .001). The cubic trend is due to the reﬁxation probability being
greater for C  2 and C  1 than for C and C + 1 (see Fig. 3).
3.3. Gaze duration
We then analyzed gaze durations (i.e., the summed ﬁxation
time spent on the target word prior to exiting it) as a function of
the initial landing position, to examine whether we could replicate
the Gaze Duration OVP effect for Finnish. Fig. 4 shows that indeed
there is a downward trend in gaze duration as a function of initial
ﬁxation location for both long and short compounds. As most par-
ticipants did not make any initial ﬁxations on Region C + 1, we
computed the analysis using four positions (C  3, C  2, C  1,
and C). This yielded a highly signiﬁcant main effect of position
for long compounds (F(3, 246) = 10.70, MSe = 6529, p < .001). Only
the linear trend proved signiﬁcant (F(1, 82) = 23.03, p < .001).
When ﬁve positions were used with fewer participants (N = 23),
the position effect was still signiﬁcant (F(4, 88) = 12.58,
MSe = 3009, p < .001). Now both the linear trend (F(1, 22) = 24.20,
p < .001) and the quadratic trend (F(1, 22) = 5.23, p < .05) proved
signiﬁcant. The quadratic trend is due to the fact that, with less
data and thus less reliable condition means, Regions C  3 and
C  2 displayed gaze durations of about equal size (gaze duration
is in fact slightly longer for C  2 than C  3).
For short compounds, the main effect of position (with four
positions) was highly signiﬁcant (F(3, 99) = 13.11, MSe = 4145,
p < .001). Only the linear trend proved signiﬁcant
(F(1, 33) = 50.15, p < .001).
3.4. Testing the Fixation Duration Trade-off effect for two-ﬁxation
trials
We next examined the Fixation Duration Trade-off effect: When
exactly two ﬁxations are made on a word, a short initial ﬁxation
landing on a non-optimal spot is compensated by making a longer
second ﬁxation elsewhere in the word. The probability of reading
Fig. 1. Examples for the delineation of word regions for the target words.
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Fig. 2. The distribution of initial ﬁxation location, separately for long and short
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Fig. 3. Probability of reﬁxation as a function of initial landing position, separately
for the long and short compound words.
250
300
350
400
450
500
C-3 C-2 C-1 C C+1
G
az
e 
du
ra
tio
n 
(m
s)
Long
Short
Fig. 4. Gaze duration (in ms) as a function of initial landing position, separately for
the long and short compound words.
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Fig. 5. Duration of ﬁrst ﬁxation (in ms) when exactly two ﬁxations were made on
the target word, as a function of its landing position, separately for long and short
compound words.
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compounds and 33% for the short compounds.
The analysis of the duration of ﬁrst ﬁxation demonstrated that
the initial ﬁxation varied as a function of its position (see Fig. 5).
For short compounds (with three positions: C  2, C  1, C), there
was a solid main effect of position (F(2, 38) = 7.95, MSe = 1136,
p = .001), which was linear in nature (F(1, 19) = 12.53, p < .01). A
similar pattern emerged for long compounds (four positions:
C  3, C  2, C  1, C); the main effect of position was highly signif-
icant (F(3, 90) = 13.14, MSe = 763, p < .001); only the linear trend
proved signiﬁcant (F(1, 30) = 48.09, p < .001). Note that Fig. 5 de-
picts a dip in ﬁxation duration from Region C to C + 1, suggestinga quadratic trend. However, this trend could not be statistically
tested due to only few participants having data for Region C + 1.
Yet, the apparent quadratic trend is consistent with what has been
found previously.
The data on the second ﬁxation duration (when exactly two ﬁx-
ations were made) lent support to the trade-off hypothesis. The
duration of second ﬁxation showed a general downward trend
from C  3 to C as a function of the initial ﬁxation position (see
Fig. 6). For short compounds (with three positions: C  2, C  1,
C), the main effect of position was signiﬁcant (F(2, 38) = 12.05,
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Fig. 6. Duration of second ﬁxation (in ms) when exactly two ﬁxations were made,
as a function of initial landing position, separately for long and short compound
words.
140
160
180
200
220
240
260
C-3 C-2 C-1 C C+1
Si
ng
le
 fi
xa
tio
n 
du
ra
tio
n 
(m
s)
Long
Short
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Fig. 8. Probability of skipping Word N  1 before a single ﬁxation on the target
word, as a function of its landing position, separately for long and short compound
words.
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(F(1, 19) = 24.87, p < .001). For long compounds (four positions:
C  3, C  2, C  1, C), there was a signiﬁcant main effect of posi-
tion (F(3, 93) = 12.66, MSe = 766, p < .001), which proved to be lin-
ear in nature (F(1, 31) = 23.56, p < .001), with a marginally
signiﬁcant cubic component (F(1, 31) = 3.92, p < .06). The linear
trend was also signiﬁcant when positions C  2, C  1, C, and
C + 1 were entered in the analysis (F(1, 7) = 13.64, p < .01).
3.5. Single-ﬁxation IOVP effect
The ﬁnal set of analyses concerned the trials when a single ﬁx-
ation was made on the target word. The probability of reading the
target word with a single ﬁxation was 19% for the long compounds
and 56% for the short compounds. An IOVP effect was observed;
the single ﬁxation was longest when positioned in the word center
and shortest when positioned in the word beginning (see Fig. 7).
For short compounds, there were only eight participants who
had data for all four word regions. Nevertheless, the main effect
of position proved signiﬁcant (F(3, 21) = 9.65, MSe = 1085,
p < .001); both the linear (F(1, 7) = 12.08, p = .01) and the cubic
component (F(1, 7) = 11.42, p < .001) were signiﬁcant, while the
quadratic effect was marginally signiﬁcant (F(1, 7) = 4.70, p < .07).
To examine these two components in more detail and more reli-
ably (i.e., to have more participants contribute to the condition
means), we computed two sets of analyses with three positions,
one for positions C  2, C  1, and C, and another for positions
C  1, C, and C + 1. In the ﬁrst analysis, the main effect of position
(F(2, 32) = 16.63, MSe = 1532, p < .001) was linear in nature
(F(1, 16) = 22.68, p < .001). In the latter analyses (C  1, C, C + 1),
the main effect of position (F(2, 26) = 7.87, MSe = 797, p < .01) was
quadratic in nature (F(1, 13) = 18.22, p = .001).
For long compounds, there was only one participant with a full
data set for all ﬁve positions (and only seven participants with data
for four positions). With three positions (C  2, C  1, C; 14 partic-
ipants), the linear trend of position proved signiﬁcant
(F1(1, 13) = 5.92, p = .03).
In the post hoc analyses we examined the eye behavior before
and after a single ﬁxation was made on the target word.
3.6. Eye behavior prior to making a single ﬁxation on the target word
In the ﬁrst set of post hoc analyses of the single-ﬁxation trials
we examined the probability of skipping over Word N  1 as a
function of the location of the single ﬁxation on Word N. The prob-
abilities of skipping Word N  1 as a function of the location of thesingle ﬁxation on Word N are presented in Fig. 8. For short com-
pounds the ANOVA (21 participants included) yielded a highly reli-
able position effect (F(3, 60) = 29.59, p < .001); the effect was linear
in nature (F(1, 20) = 91.77, p < .001). The same was true for long
compounds (nine participants, ﬁve positions), for which the posi-
tion effect (F(4, 32) = 5.02, p < .01) was also linear in nature
(F(1, 8) = 14.74, p < .01). In other words, the closer to the word
beginning the ﬁxation landed on Word N, the more probably Word
N  1 was skipped. This ﬁnding is consistent with the mislocated
ﬁxation account.3.7. Eye behavior after a single ﬁxation on the target word
We next analyzed the probability of making a regression back to
Word N  1 as a function of the location of the single ﬁxation on
Word N. These data are shown in Fig. 9. For short compounds with
four positions (19 participants), a highly reliable position effect
(F(3, 54) = 24.97, p < .001) was observed. Both the linear
(F(1, 18) = 43.99, p < .001) and the quadratic (F(1, 18) = 8.66,
p < .01) trends were signiﬁcant. The results were similar for long
compounds (eight participants, ﬁve positions); the main effect of
position was signiﬁcant (F(4, 28) = 7.33, p < .001), reﬂecting a sig-
niﬁcant linear (F(1, 7) = 17.79, p < .01) and a marginally signiﬁcant
quadratic (F(1, 7) = 5.09, p = .06) trend. These data indicate that a
regression to the previous word is much more regularly launched
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In the subsequent analysis, we examined whether the IOVP ef-
fect remains even after excluding the trials in which the single ﬁx-
ation was followed by a regression to Word N  1. Thus, only those
trials were included where the single ﬁxation on Word N was fol-
lowed by a forward saccade to Word N + 1. As is evident from
Fig. 10, the duration of single ﬁxation continued to display an IOVP
effect. The main effect of position proved signiﬁcant for both short
(F(2, 56) = 5.78, MSe = 1484, p < .01; 29 participants, three posi-
tions: C  1, C, C + 1) and long (F(2, 46) = 4.57, MSe = 1256,
p < .05) words (24 participants; three positions: C  2, C  1, C).
For short words, the quadratic trend proved signiﬁcant
(F(1, 28) = 20.43, p < .001) and for long words the linear trend
was signiﬁcant (F(1, 23) = 9.80, p < .01).
Next, we analyzed the duration of ﬁxation onWord N + 1 after a
single ﬁxation onWord N. Speciﬁcally, we examined whether mak-
ing a short ﬁxation in the beginning of Word N is compensated by
lengthening the following ﬁxation landing on Word N + 1 (analo-
gously to the Fixation Duration Trade-off effect discussed above).
However, this prediction was not borne out. The duration of the
following ﬁxation on Word N + 1 was longest when it was pre-
ceded by a ﬁxation at the center of Word N (only short compound
words were used for this analysis). The means (in ms) were 190,
199, and 189 for C  1, C, and C + 1, respectively. The quadratic
trend proved signiﬁcant (F(1, 29) = 4.89, p < .05).Finally, we examined the probability of making a regression
back to Word N after a ﬁxation on Word N + 1, as a function of
the location of the single ﬁxation onWord N. An immediate regres-
sion from Word N + 1 back to the target word was rarely made. In
the data set, there were only 40 such trials; the frequency range of
such regressions was 0–3 per participant. Most regressions from
Word N + 1 were made after a single ﬁxation at the center of Word
N (24 out of 40; in the remaining cases the single ﬁxation was posi-
tioned to the left of the word center).4. Discussion
Previous eye movement research has established lawful rela-
tionships between locations and durations of ﬁxations on words
during reading. When a ﬁxation lands near the word’s center, its
duration is longer than when it is located toward the word begin-
ning or end. It makes sense for the reader to stay ﬁxating for a long-
er time on the word center, as it is the optimal spot for word
recognition, because it maximizes the chances of having all or most
letters of the word (depending on length) in the foveal region.
Analogously, when the eyes land on a non-optimal spot for word
recognition (word beginning or end), it makes sense to exit early
the non-optimal spot and program a saccade to a more optimal
location in the word.
It the present study, we observed evidence for such eye behavior
during reading of Finnish compoundwords of variable length (7–14
letters). The probability of making a reﬁxation in the target word
was increased when the initial ﬁxation landed in the word begin-
ning, rather than in theword center. This has been named the Reﬁx-
ation OVP effect (Vitu et al., 2001). This effect translated also into an
analogous effect in gaze duration (i.e., the summed ﬁxation time
spent on the wordwhen it is ﬁrst ﬁxated), coined the Gaze Duration
OVP effect. When exactly two ﬁxations were made on the target
words, we observed a trade-off in the durations of these two ﬁxa-
tions (this pattern of results is known as the Fixation-Duration
Trade-off effect): If the ﬁrst ﬁxation landed on a non-optimal spot
(word beginning), it was short and it was compensated by a longer
second ﬁxation positioned elsewhere in the word. In contrast, if the
ﬁrst ﬁxation landed on the word center, its duration was long and it
was followed by a relatively short second ﬁxation. Finally, we also
replicated the single-ﬁxation IOVP effect: When the single ﬁxation
fell at the word center it was longer thanwhen it was positioned to-
ward the word beginning (i.e., a non-optimal spot for word percep-
tion). In what follows, we ﬁrst discuss the three OVP effects,
followed by a discussion of the IOVP effect.
Previously, a Reﬁxation OVP effect has been obtained in English
(McConkie et al., 1989; Rayner et al., 1996; Vitu et al., 2001) and
German (Nuthmann et al., 2005); the Gaze Duration OVP effect
has been established for French (Vitu, O’Regan, & Mittau, 1990)
and German (Nuthmann et al., 2005). However, it is noteworthy
that in the French study the Gaze Duration OVP effect was ob-
served during the recognition of isolated words but the effect
was weaker in sentence reading. The Fixation Duration Trade-off
effect has previously been observed in French for isolated words
(O’Regan, 1992; O’Regan & Lévy-Schoen, 1987; O’Regan et al.,
1984) the effect has been replicated in reading of German
(Nuthmann et al., 2005) and English (McDonald et al., 2005; Vitu
et al., 2001). The present study extended these three OVP effects
to reading long words in Finnish – a language completely unrelated
to English, French, or German. Thus, it can be fairly safely con-
cluded that the effects generalize across structurally different
alphabetic languages.
A Gaze Duration OVP effect has even been observed for the Jap-
anese script (Sainio, Hyönä, Bingushi, & Bertram, 2007). However,
the effect differs from the one obtained for alphabetic scripts in
3 Feng (2009) has provided evidence suggesting that saccadic error correction is not
done using an efference copy, as assumed by the SWIFT model, but is instead
triggered by the visual input.
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beginning, despite the fact that it is a non-optimal spot for word
recognition even in Japanese (indexed by an increase in gaze dura-
tion). Second, no increase in gaze duration was observed for trials
where the initial ﬁxation was positioned in the word end. One pos-
sibility for accommodating these two somewhat contradictory
ﬁndings in Japanese is in terms of the relative magnitude of parafo-
veal processing done prior to ﬁxating the target word (see Sainio
et al., for further details). A similar conclusion was reached by
Yan, Kliegl, Richter, Nuthmann, and Shu (2010) for reading Chinese.
They concluded that Chinese readers dynamically select the begin-
ning or center of words as a saccade target depending on the fail-
ure or success with segmentation of parafoveal word boundaries. It
is noteworthy that, similarly to Japanese, no processing penalty en-
sued by initially ﬁxating the word end.
In the present study, the magnitude of the Reﬁxation and Gaze
Duration OVP effects was numerically clearly greater for long than
short compound words. This was particularly the case for reﬁx-
ations (see Fig. 2), for which the size of the landing position effect
(i.e., the difference between the largest and smallest value) is
nearly three times bigger for long than short words (in gaze dura-
tion, the effect is nearly doubled for long words). In the Introduc-
tion we envisioned two opposing predictions related to word
length. According to the ﬁrst alternative, OVP effects will be
strengthened for long words, as initially ﬁxating on a non-optimal
spot in a long word has a more detrimental inﬂuence in word pro-
cessing when several letters fall outside the fovea. The numerically
stronger OVP effect for long than short words is in line with the vi-
sual acuity account, according to which these OVP effects reﬂect
limitations of the foveal vision. According to the alternative
hypothesis, as long compound words are identiﬁed piecemeally
via their components (Bertram & Hyönä, 2003), initially ﬁxating
on the beginning of the word will facilitate identiﬁcation of long
compound words. However, as detailed below, we found no evi-
dence in support of this alternative.
The ﬁnding that word (or constituent) frequency did not inter-
act with initial landing position in the word lends support for the
view that the OVP effects are not driven by ongoing lexical process-
ing. A similar ﬁnding has been obtained for English (Rayner et al.,
1996) and German (Nuthmann et al., 2005). Also the ﬁnding that
an initial ﬁxation on the word beginning was more rather than less
detrimental for long than short compound words is inconsistent
with the lexical account. This ﬁnding was evident in reﬁxation
probability and also in gaze duration, but not in single ﬁxation or
ﬁrst ﬁxation duration. If the OVP effects were lexically driven, it
would have been less detrimental for word identiﬁcation to ini-
tially ﬁxate toward the beginning of a long word, as long com-
pound words are processed piecemeally by ﬁrst recognizing the
left component, followed by the recognition of the second constit-
uent and the whole compound word (Bertram & Hyönä, 2003). The
lack of an interaction between frequency and initial landing posi-
tion (see also Nuthmann et al., 2005; O’Regan & Lévy-Schoen,
1987; Vitu et al., 2007; Vitu et al., 2001, for additional evidence
against frequency modulation of the OVP effect) is also partly con-
sistent with O’Regan’s strategy-tactics theory (O’Regan, 1992;
O’Regan & Lévy-Schoen, 1987). According to their theorizing, when
a word is ﬁxated twice and the initial ﬁxation lands on a non-
optimal spot, the duration of the initial ﬁxation will not be inﬂu-
enced by lexical processing, indexed by the word frequency effect
(neither will the probability of reﬁxation be affected), whereas the
duration of the second ﬁxation positioned more optimally is
affected by ongoing lexical processing. The former prediction is
consistent with the present results, whereas the latter prediction
is not.
The present study replicated the IOVP effect previously ob-
served for single ﬁxations made on the word during reading ofFrench (Vitu et al., 2007), German (Kliegl et al., 2006; Nuthmann
et al., 2005, 2007) and English (McDonald et al., 2005; Vitu et al.,
2001). It is noteworthy that we obtained the IOVP effect even with
relatively long words (7–14 characters). This is an intriguing ﬁnd-
ing, since for long words a single ﬁxation positioned in the word
beginning results in the word-ﬁnal letters being outside the letter
(and word) identiﬁcation span, which in Finnish is estimated to be
nine letters to the right of ﬁxation (Häikiö, Bertram, Hyönä, &
Niemi, 2009). A short ﬁxation in the word beginning not followed
by a second ﬁxation elsewhere in the word (cf. the Fixation
Duration Trade-off effect) is unlikely to secure successful word
identiﬁcation. This in turn suggests that the single ﬁxations located
in the word beginning may be mislocated due to saccadic
overshoot. This possibility was examined by post hoc analyses.
These analyses revealed that the probability of skipping over
Word N  1 was signiﬁcantly greater for trials for which the single
ﬁxation was located in the beginning than in the center of Word N.
Related to this, the probability of immediately regressing back to
Word N  1 after a single ﬁxation on Word N was signiﬁcantly
greater when the single ﬁxation on Word N was located in the
beginning than in the center of the word. This pattern of results
is consistent with the view that the ﬁxation falling on the begin-
ning of Word N was in fact often intended to land on Word N  1.
An explanation for the combination of skips and subsequent
regressions is offered by Vitu, McConkie, and Zola (1998), Vitu
and McConkie (2000) and Vitu (2005), who have reported data
similar to our post hoc analyses. Their corpus studies demonstrate
that an inter-word regression is more likely to occur to a word that
was skipped than to a non-skipped word. These and other data
were interpreted to support the view that inter-word regressions
are triggered in the service of word identiﬁcation (i.e., the skipped
word is not identiﬁed prior to skipping, which triggers a regression
to it). This account may also explain the present results mentioned
above.
The ﬁnal observation made in the present study regarding the
IOVP effect was that the effect remained after excluding the trials
where the single ﬁxation on Word N was followed by a regression
to Word N  1. In other words, the effect is not conﬁned to cases
where a possible saccadic overshoot is immediately corrected by
a regression, but is also present for trials where the single ﬁxation
is followed by a progressive saccade to Word N + 1. It is notewor-
thy that the non-optimal viewing position was not compensated
by lengthening the following ﬁxation on Word N + 1, as is the case
in the Fixation Duration Trade-off effect obtained for two subse-
quent ﬁxations made on the same word. Note also that the afore-
mentioned account making recourse to incomplete word
identiﬁcation cannot readily explain the IOVP effect obtained in
the absence of skipping of and regressing to Word N  1.
How do the present data on the Single-Fixation IOVP effect re-
late to the existing accounts of the IOVP? As mentioned in the
Introduction, there are three competing, but not necessarily mutu-
ally exclusive accounts of the effect. According to the mislocated
ﬁxation account, based on the SWIFT model of eye movement con-
trol in reading (Engbert, Nuthmann, Richter, & Kliegl, 2005), a sub-
set of single ﬁxations landing on either end of a word are
mislocated ﬁxations due to either a saccadic overshoot or under-
shoot of the word center, resulting from the assumed modulation
of saccadic latency by the intended saccade length. Being on an
unintended spot, their duration is short, followed by a saccade to
a word that has the highest degree of lexical activation.3 It can be
the currently ﬁxated word (i.e., resulting in the Fixation Duration
Trade-off Effect rather than Single Fixation IOVP effect), a previous
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located ﬁxation account does not claim that mislocated ﬁxations are
the only source of the IOVP effect.
The perceptual-economy account (Vitu et al., 2001, 2007) holds
that the oculomotor system is programmed so that the more infor-
mation the reader is anticipating to glean around the ﬁxation posi-
tion, the longer the ﬁxation duration. Since most information
relevant to word recognition can be extracted at the word center,
the account predicts the longest ﬁxation in a word to be at the cen-
ter, regardless of whether it is followed by a second ﬁxation or not
(i.e., it is also offered as an explanation for the Fixation Duration
Trade-off Effect). This is so for short words; with longer words,
the longest ﬁxations are assumed to be found at a position slightly
left of the word center (Vitu et al., 2007). In order to assess the
optimality of ﬁxation locations the visual system only needs to
estimate how far the eyes are located from a space separating
the word from other words. The further away from the space the
ﬁxation is located, the longer its duration (see also Pollatsek,
Reichle, & Rayner, 2006).
The split fovea account (McDonald et al., 2005) is based on the
view that stimuli present at the right side of the fovea are projected
to the left hemisphere, whereas stimuli in the left side of the fovea
are projected to the right hemisphere. According to this account,
prolonged ﬁxations at the word center reﬂect the fact that the
information content projected to the two sides of the fovea is sim-
ilar in magnitude, which results in prolonged neural competition (a
saccade may be triggered by either hemisphere) and subsequently
in a longer ﬁxation, in comparison to the case when the ﬁxation
lands on either end of the word, in which case competition will
be soon over due to unbalanced competitors (see Vitu et al.,
2007, for arguments against the model’s ability to explain the IOVP
effect under certain conditions).
A previous ﬁnding favoring the mislocated account over the
perceptual-economy and the split-fovea accounts is that the IOVP
effect is even stronger when scanning strings of z’s than reading
normal text (Nuthmann & Engbert, 2009; Nuthmann et al., 2007).
The mislocated ﬁxation account can explain the increased IOVP ef-
fect in mindless z-string reading, whereas the other two accounts
predict smaller IOVP effects in z-string scanning (due to the to-
be processed information being minimal) than in normal reading.
On the other hand, Vitu et al. (2007) demonstrated IOVP effects
in the absence of mislocated ﬁxations arising from inaccurate sac-
cade programming. Thus, even if accepted as a valid account, the
mislocated ﬁxation account cannot be the only explanation of
the IOVP effect (and it is not offered as such).
Although we are not in the position to directly test the alterna-
tive accounts of the IOVP effect, it may be noted that the mislocat-
ed ﬁxation account offers a viable mechanism that can account for
the pattern of ﬁxations appearing prior to and after a single ﬁxa-
tion on he target word. However, this does not necessarily mean
the other two accounts are faulty. Moreover, as the mislocated ﬁx-
ation account is stochastic in nature, a simulation would be needed
to determine whether it can indeed account for the present data.
By running model simulations of eye behavior during reading of
German sentences, Engbert, Nuthmann, and Kliegl (2007) have
estimated that longer words are less likely to receive a mislocated
ﬁxation than shorter words (for example, only about 6% of 8-letter
words are estimated to receive a mislocated ﬁxation). Moreover,
unintended skipping is estimated to constitute only about 10% of
the mislocated ﬁxations. The skipping estimate is considerably
lower than what was observed in the present study for single ﬁx-
ations positioned at the word beginning (over 60%, see Fig. 7). It
is also noteworthy that according to SWIFT failed skippings and
unintended reﬁxations constitute the most important saccadic er-
ror types (Engbert & Nuthmann, 2008). Failed skippings represent
the most prominent type of mislocated ﬁxations on short words,while unintended reﬁxations typically fall on long words. These
targeting errors result from the eyes’ general tendency to under-
shoot the center of target words. The fact that our primary evi-
dence in support of the mislocated ﬁxation account stems from
saccadic overshoots appears to be inconsistent with the model
simulations. However, it is important to keep in mind that these
observations cannot be by any means interpreted as a disconﬁrma-
tion of the model, as the simulations were performed using a very
different data set (e.g., the words were generally much shorter
than in the present study).
In conclusion, the present Finnish study replicated previous
studies conducted in French, German and English on the effects
of the initial landing position on eye behavior during word percep-
tion in reading. Thus, the OVP and IOVP effects generalize across
structurally different alphabetic scripts. Finally, the landing posi-
tion effects appear at the prelexical stage of word processing.References
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